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INTRODUCTION. 

1.  PRELIMINARY :- 

Numerous  tests  have  been  made  on  reinforced  con- 
crete beams,  but  in  the  majority  of  cases,  these  te3ttj  were 
undertaken  primarily  to  demonstrate  either  the  advantage  of 
certain  patented  shapes  of  reinforcing,  to  demonstrate  the 
safety  of  a  particular  design  or  to  obtain  data  on  con- 
tinuous reinforcing.   Very  few,  if  any,  have  had  the  aim 
and  purpose  of  securing  data  and  reliable  information  for 
the  formulating  of  some  general  and  rational  method  of 
design,  such  as  to  give  a  reinforced  concrete  beam,  its 
required  strength,  economy  of  section  area  and  necessary 
"lap  of  reinforcing  over  supports  or  at  the  center  of  the 
beam."   In  consequence  very  little  is  known  in  regard  to 
the  bond  3tress  of  lap  reinforced  concrete  beams  for  use 
in  the  construction  of  reinforced  concrete  buildings. 

The  object  and  purpose  of  this  thesis  is  primar- 
ily to  secure,  the  bond  stress  of  lap  reinforced  concrete 
beams,  using  either  (1/2")  one  half  inch  plain  rods  or 
square  twisted  rods  as  reinforcing,  placed  in  such  a  man- 
ner as  to  give  three  different  lengths  of  lap,  at  the 
center,  namely  (4")  four  inch  lap,  (8")  eight  inch  lap, 
or  (12")  twelve  inch  lap. 

2.  SCOPE  OP  THESIS. 

Twenty  b-mms  of  varying  lengths  of  lap  and  kind 
of  reinforcing,  comprising  (6)  six  different  distinct  sets, 
had  been  made  up,  but  owing  to  accidental  failures,  the 
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data  for  only  IS  beams  was  secured.   The  six  sets  of  beams 

were  as  follows. 

(1) 

Four  beans  each  reinforced  with  four  l/2w  plain  rods, 
each  2' -10"  long,  placed  in  beam  parallel  to  4"  face  giving 
4"  lap  at  the  center. 
(2) 

Four  beams  each  reinforced  with  four  l/2M  plain  rods, 
each  S'-O11  long,  placed  in  beam  parallel  to  4"  faoo  giving 
8M  lap  at  the  center. 
(3) 

Four  beams  each  reinforced  with  four  1/2H  plain  rod3, 
each  3' -2"  long,  placed  in  beam  parallel  to  4"  face  giving 
12"  lap  at  the  center. 
(4) 

Two  beams  each  reinforced  with  four  1/2"  square  twisted 
rods  each  2,-i.O'*  long,  placed  in  beam  parallel  to  4H  face 
giving  4"  lap  at  the  center. 
(5) 

Two  beams  each  reinforced  with  four  l/2"  square  twisted 
rods  each  3'-0w  long,  placed  in  beam  parallel  to  4"  face  giv- 
ing 8W  lap  at  the  center. 


(6) 

Two  beams  each  reinforced  with  four  1/2"  square  twisted 
rods,  each  3' -2"  long,  placed  in  beam  parallel  to  4"  face 
giving  12"  at  the  center. 

The  beams  were  5'-0M  long,  6W  wide  and  4"  deep. 
They  were  made  of  a  1:2:4  mixture  reinforced  with  l/2M 
plain  or  square  twisted  rods  of  medium  steel  placed 
about  3/4"  from  the  surface.   The  age  of  the  specimens 
when  tested  varied  from  33  days  to  51  days. 

Deflections  at  the  center  point  of  the  beams 
were  taken  in  a  continuous  set  of  readings,  until  beam 
had  failed;   the  def lectometer  was  then  removed  and  the 
beam  was  broken.   Deflection  curves  have  teen  plotted, 
showing  relation  between  loads  and  deflections. 

The  action  of  each  beam  with  eitner  shape  of 
rods  as  reinforcing,  under  varying  loada,  and  the  method 
of  failure  in  each  case  with  the  different  lengths  of  lap 
was  carefully  noted.   The  difficulties  encountered  have 
also  been  noted,  and  from  this  experience,  a  discussion 
of  lap  reinforced  concrete  beams,  and  various  suggestions 
follow. 
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MATERIALS,  TEST  PIECES,  TESTING 
MACHINES,  AND  METHOD  OF  PROCEDURE  IN  CONDUCTING  TESTS. 

4.  GRAVEL :- 

The  gravel  was  clean  and  sharp,  varying  in  size 
from  1/2"  to  1  1/2". 

5 .  SAND : - 

A  good  quality  of  graded  and  clean  torpedo  safctd 
waa  used. 

6.  CEMENT :- 

The  Chicago  A. A.  Portland  Cement,  Manufactured  by 
tne  Chicago  Portland  Cement  Company  was  used. 

7.  CONCRETE :- 

The  concrete  waa  made  by  the  writers  of  thi3  thesis. 
A  1:2:4  mixture  was  used,  the  materials  being  proportioned  by 
a  measuring  box,  whose  volume  was  l/8  cubic  feet.   The  cement 
and  sand  were  mixed  thoroughly  while  dry,  the  aggregate,  then 
was  added,  and  the  complete  mixture  waa  turned  over  with  shovels, 
until  an  equally  proportioned  mixture  was  obtained.   »Vater  was 
then  3lowly  added,  while  mixing,  until  a  rather  wet  mixture 
was  attained. 
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Table  X    gives  the  compressive  strength  of  the  var- 
ious batches  of  ooncrete  made  up. 

(8)  STEEL :- 

The  steel  used  aa  reinforcing  wa3  rather  soft  and 
ductile.   The  yield  point  was  about  34,000$.   Plain  rods  and 
square  twisted  bars  of  l/2w  diameter  were  U3ed  exclusively. 

(9)  F0E^3:~ 

The   forma  were  made  of  a  2"  stuff,  and  were  so  con- 
structed as  to  give  beams  5'  x  6M  x  4H,   Two  iron  bolt3  12" 
from  the  ends,  and  iron  ties  at  the  center  and  at  each  end 
of  tne  forms,  prevented  the  latter  from  bulging  upon  deposit- 
ing of  concrete. 

(10)  BEAMS  r- 

As  already  stated  twenty  (20)  beams  were  made,  each 
being  5'-0"  long,  O'-G"  wide  and  0 ' -4*  deep.   The  beams  were 
reinforced  with  either  l/2M  plain  rods  or  square  twisted  bars, 
placed  in  such  a  manner  as  to  be  4,-8M  in  length,  0,-211  at 
each  end  of  beam  for  the  concrete,  and  giving  three  different 
lap3  at  tne  center,  namely  4H  lap,  b"  lap,  and  12"  lap. 

Table  2  gives  all  beams  that  were  made  and  showa; 
method,  kind,  lap  of  reinforcing,  and  data  of  make. 
11  STORAGE  OF  BEAMS :- 

At  the  expiration  of  forty  eight  (48)  hours  the 
beams  were  removed  from  the  forms,  of  which  there  were  four 
in  number,  and  were  stored  away  in  one  corner  of  the  laboratory 
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until  they  nad  seasoned.   They  were  then  carried  to  tne  test- 
ing laboratory  and  tested. 

12.  TESTING  MACHINES: - 

Three  different  machines  were  u3ed.   The  six  inch 
concrete  cubes  were  tested  on  the  200,P00#  Riehle  Machine., 
the  Steel  rods  on  the  60,000#  Olson  Machine,  and  the  Beams 
were  tested  on  the  20,000#  Riehle  Machine.   The  latter 
machine  was  used  for  the  reason  that  it  could  only  be  run 
by  hand  power,  and  extreme  care  had  to  be  taken  in  securing 
correction  deflections  for  different  increments  of  load. 
13.  METHOD  OF  PROCEDURE  IN  CONDUCTING  TESTS :- 

Tiie  beams  were  tested  at  their  third  points,  the 
tests  being,  performed  for  tne  purpose  of  securing  data  on 
the  bond  stress  of  lap  reinforced  concrete  beams. 

Owing  to  lack  of  head  room,  the  beams  had  to  be 
reversed  in  the  machine,  the  top  of  beam  being  on  the  bottom 
and  visa  versa,  this  necessitated  the  beam  resting  on  knife 
edges  at  is  third  points,  but  made  no  difference  in  the 
te3t3  or  results  obtained  from  same.   The  def lectometer 
also  had  to  be  changed  to  meet  the  conditions  under  which 
the  tests  were  run. 

Plated  snows  beam  in  place,  ready  to  be  tested! 
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GENERAL  DISCUSSION  AND  DATA  SECURED. 
(14)  DISCUSSION  OF  RESULTS  OB1  TEST. 

The  beams  were  designed  to  fail  by  slipping  of 
bars,  but  owing  to  the  rising  of  tne  steel  rods  out  of 
their  true  position,  the  necessary  stress  was  not  induced 
in  the  steel  and  the  beams  failed  instead  by  crushing  of 
the  concrete.   From  the  data  secured  however,  it  is  seen 
that  a  bond  stress  of  60#  per  Bquare  inch  is  a  safe  working 
stress,  as  no  failure  occured  by  slipping  of  bars  at  bond 
stresses  varying  from  146  to  392#  per  square  inch. 

Assuming  a  bond  stress  of  60#  per  square  inch, 

the  necessary  length  to  lap  bars  over  supports  or  at  center 

of  beams  will  be 

L  =  fa   d    =    15,000   d  =   62  1/2  d. 
4n  4  x  60 

(as  per  Turneaure  and  kaurer.  ) 

The  formulae  used  for  figuring  the  bond  stress  at 

the  center  of  the  beams,  were 

(1) 

T  =  k       for  total  tension  in  steel 

where  T  i3  total  ten3tion  in  steelj   Id,  the  bending  moment, 
and  j  the  ratio  of  the  resisting  couple  to  d,  d  being  the 
distance  from  the  compressive  face  to  the  plane  of  the  steel, 
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(2) 


S  =  =-' — —        For  unit  bond  stress 
2Z.0X  lap 


where  S  is  the  unit  bond  stress,  T  the  total  tension, 

the  summation  of  the  perimeters  and  lap,  being  the  distance 

in  inches  that  the  rod3  are  lapped  at  the  supports  or  at  the 

center  of  the  beams. 

(3) 

to  obtain  values  for  fc,  the  unit  fibre  stress  in 

concrete  at  its  compressive  face,  at  the  loading  when  cracks 

first  appeared,  the  following  formula  was  used 

Mc  =  fc  x  l/S  bd 

fc  =  6J4c_ 
bd 

where  Mc  is  the  resisting  moment  as  determined  by  concrete, 

b  is  the  breadth  of  a  rectangular  beam  and  d  the  distance  from 

the  compressive  face  to  the  plane  of  the  ateel. 

The  value 3  of  T,  fc,  and  S  were  secured  when  first 
tenaion  cracks  appeared  and  when  final  load  was  applied. 

The  above  formulae  were  derived  with  necessary  corrections 
due  to  lappin;  of  reinforcing,  from  Turneaure  and  Maurer's  book 
on  "Principles  of  Reinforced  Concrete  Construction." 

15.  CURVES :- 

The  curves  aa  plotted  ahow  tne  loads  applied  and 
correaponding  deflectiona. 

The  loads  were  used  as  ordinate3  and  delectiona  as 
abscissas  as  plotted,  they  sho?/  that  the  beams  deflected"  more 
or  less  uniformily  up  to  maximum  loading,  where  upon  the  deflec- 
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tions  increased  more  rapidly  tnan  the  loads  applied. 
(16)  BaNNER  OF  FAILURES- 

Owing  to  the  fact  that  the  steel  bars  moved  from 
their  true  position,  while  concrete  was  being  rammed  and 
tamped,  the  bars  nevar   received  the  stress  they  were  cap- 
able of  receiving,  the  result  being,  that  the  beams  failed 
by  crushing  of  concrete  either  at  their  third  points  or  at 
their  supports. 

The  average  maximum  loading  taken  by  the  beams 
with  the  4"  lap  was  866#  that  taken  by  those  with  8"  lap 
was  1806#  and  by  those  with  12"  lap  was  1886#,  shoeing  . 
little  difference  in  maximum  loading  for  the  last  two  sets 
of  reinf orcing.   Nevertheless  the  writers  believe  that  if 
lapped  reinforced  concrete  beams  are  to  be  used,  the  lap- 
ping either  at  the  center  or  over  the  supports  should  never 
be  less  than  12". 
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4/2 

.006 

izso 

4// 

.007 

CracK  between 

Support-  &  one  I 

nife  edge 

/400 

4/0 

.008 

1530 

409 

009 

IG>SO 

408 

.0/0 

Hair  crac 

Cs  —  near  sarr 

e  Knife  edge 

/760 

407 

jO// 

1870 

406 

.0/2. 

1930 

4-05 

0/3 

2./00 

404 

0»4 

2200 

402 

0/6 

Cra< 

Med     at    cen 

tre 

2280 

400 

0/8 

2200 

396 

.02.1 

f/j"o 

368 

PfO 

//oo 

3^*7 

.OS  9 

/OOO 

345- 

.07/ 

9oo 

.3.32 

084 

ff4o 

32/ 

P9J" 

$10 

309 

707 

$oo 

298 

.11% 

flpnl-5-l9h 
Beam-      Fn         4'L      4R         BT 

Load(*J 

Deflection 

Readin3 

Actual  ^ 

70 

382, 

0 

SCO 

380 

.00  z 

7oo 

3  74 

.008 

ISO 

364> 

0/6 

Crac 

Ced    in     mjdd 

le 

760 

33"4 

02.$ 

630 

34-0 

D4-Z 

+Z.0 

3Z3 

.OS9 

3SO 

3o/ 

o%\ 

2-90 

218/ 

lOl 

ZSO 

Z61 

.12.1 

2.0O                    Z.Z2 

JS+ 

. 


Beam- 

flpr»l-J-l9ii 

Ml          4"L        4R      Z 

Loads^ 

Deflection 

Reading 

Actual^ 

60 

372. 

0 

430 

3  70 

.002. 

630 

367 

.00S 

82.0 

361 

010 

Cra. 

oKs    in    rni'dd 

le 

740 

347 

OZ4 

GSO 

333 

.o3« 

64-0 

32.0 

joo"i 

6O0 

2-9S 

.073 

570 

2-77 

.0  94 

■5*70 

7.51 

M4 

S30 

2-3S 

J  33 

550 

£20 

.151 

SOO 

199 

.nz 

&oo 

111 

,/94 

4SO 

151 

.2-/4 

April  -  jr- I9i | 

Beam  -    M3         12"  L      4R       XT 

Load^> 

Deflection 

Reading 

Actual^ 

80 

32-C 

O 

f&a 

32.6 

0 

ZJo 

32-6 

o 

420 

32.4 

.00  2. 

6SO 

32*2. 

DOf 

S2.o 

22.0 

POG 

CracK 

aver    one    Kr 

lfe  ed^e 

9«0 

318 

.008 

itso 

3/6 

.o/o 

12.50 

313 

0/3 

CracK   2 

h"    j-rom    FCniffl 

edge 

I3G0 

3/0 

.0/6 

14-50 

307 

0/9 

14-50 

303 

.02  3 

I50O 

2.99 

.02.7 

1530 

2.94 

032 

I5oo 

289 

.03  7 

14-00 

283 

P43 

1300 

276 

.05  O 

IZ30 

268 

PS  8 

1100 

2-6/ 

pes 

IOZO 

2.S3 

.073 

9S0 

2.4-4 

0%2 

Crush 

ng    at"   rnidd 

k 

9oo 

2.36 

.090 

no 

2L29 

.097 

%Z0 

2-/3 

./OG 

790 

2.06 

.//* 

130 

/94 

./3<? 

April -1-1911 
Beam  -    F24        J2"L      4R        R 

Loads!® 

Dejleciion 

Reading 

Actual 

70 

348 

o 

2.30 

34-8 

0 

320 

34-1 

.ooi 

SOO 

346" 

.002. 

720 

34-5 

O03 

Crac 

C    over     one  hmfe  edqe 

980 

344 

po4 

1060 

342 

.006 

CracK  r&ar  other  Km 

•e  edge 

/no 

341 

.007 

/3fco 

34-0 

008 

CracK 

>    outside  ea 

-h  Knife  edae 

14-10 

339 

P09 

I4>00 

337 

.01 J 

noo 

33J- 

.OI3 

112.0 

332. 

.0/6 

10,00 

32.  G 

.02.2 

IOJO 

3  IS 

.033 

980 

30b 

.042. 

gio 

2.98 

.0.50 

7(0 

2-90 

.058 

610 

2.78 

.0  70 

SZO 

263 

.0  85 

Rpnl-i  -i9u 
Beam  -    Ml        \VL      4fl      R  T.Ft. 

Loads*** 

Deflec-V  jon 

Reading 

actual^ 

70 

341 

o 

2-50 

341 

o 

390 

34<b 

.OOl 

630 

344 

.003 

SJO 

343 

.004 

IOOO 

341 

006 

i/4o 

Craci 

339 

.00  % 

:  over    one   K 

ii|e  eclae 

/2L40 

33fc 

.Ol  J 

/2-40 

332. 

Ol  5 

nife  edge 

CracK    a"  i 

nside    other  K 

/Z4o 

32-1 

.02.0 

l|«0 

3Z.Z 

,oi5 

I//0 

3/3 

.034 

/01O 

305" 

042. 

/ooo 

7-n 

P49 

9Zo 

2.91 

.05  6 

880 

2. 34 

.063 

8*2.0 

Z17 

.070 

ISO 

2.65" 

Ogz. 

680 

2-52- 

o9S 

-?go 

£35 

.112. 

COMPRESSION     TEST      OF     6"   CUBES 

Concrete  as 
in     Beam 

Age 
Days 

Crushing 
Load 

Strength 
llbs./sq.  in. 

RemorKs 

Fl0,IZl,4R,  2 

42 

54840 

/525 

f\5,8"L,  +  R,& 

37 

42850 

H9b 

Fl5,  8"L,+R.  X 

37 

51150 

I60O 

Lopsided 

pn,4'L,4R,r^ 

35 

53030 

1415 

FIO;  tt."L,4R 

42 

61980 

1115 

Fn;VL,+R)r^ 

35 

36380 

ion 

FK),8-MR/T^. 

42 

39(310 

1110 

Lopsided 

J2$g*L,4R,  W 

5S 

79O60 

22  OO 

J23,8"L,4R,W 

60 

61660 

\885 

J2.5,3"L,4R,X 

58 

58800 

2410 

JI94L.2R,  X 

64 

743Z0 

2065 

ji9,4L.2R,Y 

64 

555/0 

1500 

Lopsided 

j  19,4^4  aw 

64 

19500 

22JO 

Ml,jl'L,+R,A. 

36 

43290 

<200 

F24, J2"L,4R,  R 

40 

37/60 

1035 

Lopsided 

MI,4'L,4R,  X 

36 

50230 

|400 

M141>4R,  Z 

26 

7067  O 

i92o 

M3,irL,4ft  TXK 

34 

41230 

1145 

BEAM    DATA 

Beam 

Age -Days 

Rods 

Lap 

Remarks 

JJ9-Y 

48 

2    Plain 

4  in.    . 

Not  Tested 

Ji9-i 

2       •• 

4  - 

- 

JI9-X 

2       » 

4   - 

. 

JI9-W 

4       - 

4  » 

- 

J23-W 

42. 

4      - 

4  « 

• 

J23-X 

.51 

4      - 

8    " 

J2.5-W 

44 

4    • 

8    - 

325-X 

49 

4    •• 

8     • 

FIO- 

33 

4    " 

12  " 

FIO-X 

33 

4     » 

12  - 

F»o-z 

40 

4     " 

12  - 

Fjy-x 

42 

4     - 

8    " 

FI5-Z 

4  Twisted 

8     " 

- 

Fn-a 

4 

8     ■ 

« 

pn-B 

41 

4       - 

4    - 

Fn-D 

4       •• 

4    •' 

ii               ■■ 

F24-R 

42 

4  Plain 

12  • 

Ml-X 

4      - 

4   - 

•t                >■ 

Ml-Z 

36 

4      " 

4    " 

Ml-A 

38 

4  Twisted 

12   - 

M3-X 

33 

4       " 

IZ.   " 

Date 

Nlo.  o|lL<i|)  o[ 

Of     RoJi 
Botforrj 

FIR 5T  CRACK 

FINAL  LOAD 

Kind  t(- 

RoJi 

Rodi 

fr 

T 

5 

A 

T 

$ 

Failure 

Jan.  13  '-Mar.  IS 

4 

0" 

1  Jf 

X 

1070 

3500 

140 

1540 

5000 

zof 

COMR 

Jan.  25 -Mar.  10 

4 

0" 

/Z" 

w 

Z5C0 

8400 

334* 

Z5U0 

dioo 

333 



4 

3" 

/'// 

X 

ZZOO* 

jt 
S3  3d 

Z3? 

2Z0O 

5300 

Z3* 

feb.io:Mor.  IS 

4 

J  I" 

/" 

1050* 

3310M 

1  oZ* 

IG10* 

iolf 

HoO* 

- 

,,       ,.;     ..        •- 

4 

12" 

/" 

X 

)9Z0 

G350* 

/ffS* 

27»o 

10000 

2(*(? 

.. 

Feb.iO--Mor.  21 

A 

iv 

/" 

Z 

t59o* 

S3  20* 

IA2* 

Iddo^ 

(e3Uo 

no* 

.i 

Feb.  15:  Mat -23 

4 

S' 

iY 

XT 

I5<*0* 

S3  00* 

220* 

2780 

6825 

3d? 

■I 

Mar.3:Apr'i\  5 

4 

12" 

/&" 

X 

1050' 

3W 

9V* 

l3io5 

6730* 

179* 

■  • 

Feb.  n:  Mar.  j 

4 

4" 

/*//* 

B 

350* 

33d 

Z<cS" 

350* 

33t8 

2cf 

ii 

M  or.  1 :  fibril  5 

4 

4' 

& 

Z 

\09(f 

313tf 

Z98* 

\0$(f 

3100* 

238* 

•• 

Mar.l  '.dpul7 

4 

ft" 

/}/* 

A 

1440* 

5100* 

\3(o* 

\510* 

5500* 

14  6** 

,i 

Feb.ld'.tyrih 

4 

If 

fr 

Ft 

1300* 

4510* 

12 10 

ZlOO* 

14o$ 

I9<? 

fc  =  stress  in  concrete 

T  =  Total  Tension  in  Steel 

s  =  unit  Bond  Stress. 


BEAM    Mar.  10,       8" la/?      dRods         W 


BEAM        Mar\5,       8Laf>        4RoJ*        X 


BEAM    Mar.  15,        fTLah   4  Rods.  X 


BEAM       Mar.  15,      IZ"  Lap     4  Rods     JC 


BEAM      W\osr.  15,     12" Lap     4 Rods  No  t/arK 


BEAM     Uax.ZZ.     IZ'Lap    4  R>odJ>  & 


BEAM       Mar.23      8  Lap     4   Rods  JK      S/Je  vie» 


dotfom   Wew 


BEAM      AprilS   lZ"Lot>   T.R.    4 Rod*    X         Side  i/,ew 


Bottom    l//ew 


BEAM    Aprils,    4Laf>    A  Rods    T  R.  3      5,Je  view 


Boltom       View 


BEAM    AfrilS    4"j-afl     4 Rods    J?       5ide  I/jcw 


3otfom   l//ew 


BEAM     Afwl  7       4 Rods     IZ"Laj>      $  6tdel/ie» 

\ 


3  o  tto  m    l/ic  w 


BEAM    4/>r/l7      4/?od5    tf"jLaj>         Tft  fi  3;de   Me  ty 


